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INTRODUCTION
 
INTRODUCTION
 
The Quarterly Status Report (Data Requirements Item No. 500-10) provides a
 
summary of the cost, schedule and technical progress of the program. Since
 
it includes and extends the information included in the Monthly Status Reports 
(Data Requirements Item No. 500-11) it also meets the contract requirement
 
of a monthly status report. It is supplemented by the financial status report
 
(Data Requirements Item No. 500-27) submitted under separate cover.
 
The report format is: 
Part I - Summary 
Part II - Cost 
Part III - Schedules 
Part IV - Technical Performance 
The report is integrated with the program management systems being used on 
the program, so, where possible, multiple use of program data such as schedules 
or finincial status reports has been accomplished. 
IX/x 
PART I
 
SUMMARY
 
PART I
 
Su£iIMRY
 
1.1 CDST
 
This paragraph has been deleted. 
1.2 SCEEDULE 
The working program schedule is posted on the walls of the Program Control Room 
and is used to monitor program status at "standup" meetings held three times a 
week early in this period. Daily meetings were held in December. Reviews with 
GE management are held in the Control Room to take advantage of the detail schedule 
data base. A summary schedule is shown in Figure 1-1. 
Definition of the Operational Test Sites is a schedule problem that became more
 
significant with time. Detail design of the systems is site dependent and it was
 
planned to make the Qualification System similar to one of the prototypes.
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Figure 1-1. Master Program Plan (Cant) 
For the heating systems the qualification design is proceeding on the basis of
 
a typical system rather than basing it on one of the prototypes. January 1,
 
1977 was a critical date with respect to program costs and schedule. The lack
 
of site definition by that date will result in impacts on schedule and/or costs.
 
1.3 TECHNICAL PERFORMANCE
 
Program technical status is reflected by the achievement of the key milestones
 
during the period: Heating and Cooling PDR in November and completion of a
 
significant block of development model solar collector testing. Extended tests
 
with the engineering model solar collectors continue.
 
Highlights of the technical accomplishments and the data summarized in Section IV
 
of this report are as follows:
 
WBS 1.1.1 Program Direction Program team increased in key 
areas of instrumentation and 
test planning. Presentation 
to ERDA/NASA on 12/6 on future 
plans and recommendations.. -
WBS 1.1.2 Program Control Updated schedule in Control Room. 
WBS 1.1.3 Quality Assurance Modified Quality Assurance Plan. 
WBS 1.2.1 Analysis and Heating system configuration up-
Integration dated. System building block 
approach defined. Heating and 
cooling systems for PDR established 
and analyzed. Performance goals 
established for solar cooling. 
Analysis capability updated. 
WBS 1.2.2.1.1 Solar Collector Round of engineering model perfor-
WBS 1.2.2.2.1 Development mance tests completed. Qual design 
released and material ordered. 
Building installation concepts 
established. 
"All Others" Specifications for vendor contacts
 
in various stages of completion.
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WBS 1.2.3.1.7 Controls Updated concepts and continued 
WBS 1.2.3.2.7 detail designs. 
WBS 1.2.3.1.10 System Integration Detail design for system test 
and ordering of material. 
WBS 1.2.2.2.11 Solar/Electric Generated analytical performance 
Driven Heat Pump predictions. Detail design and 
(Air Conditioner) fabrication of Cycle 1 hardware. 
Component design and development. 
WBS 1.2.3 Test Solar collector testing. Test 
facilities fabrication for engine 
component tests. Planned test 
facilities for subsystem and 
system tests. 
A key item from the PDR was the recommendation that 3 and 10 ton solar cooling
 
subsystems be developed. This has been the subject of several discussions,
 
presentations and a RID. A key consideration in dropping the 20 ton unit is
 
its limited market potential.
 
1.4 VARIANCES
 
Requested variance data is summarized in Table 1-2.
 
ORIGINAL PAGE 16 
OF pOOR QUALITY 
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Table 1-2. Program Variances 
(From Plan Based on Negotiated Program) 
TYPE 
COST 
OF VARIANCE 
SCHED PERF 
REASON FOR 
VARIANCE 
IMPACT 
TASK 
ON IMPACT ON 
CONTRACT CORRECTIVE ACTION 
X Testing costs are not 
tracking plan. 
1.2.3 None Testing being scheduled 
to meet program needs. 
Cost plan to be revised. 
X X Lack of operational test 
sites. 
1.2.2.1, 
1.3.1, 1.4.1, 
1.1 
None Replanning when site 
data becomes available. 
Cost/Schedule impact 
will result. 
X Additional effort in solar 
collector loop and on 
cooling subsystem com-
ponents. 
1.2.2 None Program effort to 
accommodate revised 
effort distribution. 
X CR&D Expenditures. 1.2.1 None Effort not yet needed 
and/or done at Valley 
Forge. 
PART II
 
COST
 
Part I - Cost 
This section has been deleted. 
PART III
 
SCHEDULES
 
PART III
 
SCHEDULES
 
Summary Program schedules are shown in Figures 3-1, 3-2, and 3-3. These are
 
extracted from the detailed program working schedules posted in the Control
 
Room at Valley Forge.
 
Figure 3-1 is a summary key events schedule. It has been revised for this 
report to provide more program visibility. The principal program key event 
during this period - the Heating and Cooling System PDR was completed per the 
schedule. Solar collector development tests were conducted on the facility at 
Valley Forge with good performance achieved. A qualification design was issued 
and materials ordered. 
Parts for expanders for both the 3 ton and 10 ton solar air conditioning en­
gines are in the final stages of fabrication and assembly of the 10 ton unit
 
is scheduled to start early next period. Other components are in the fabrica­
tion process. Engineering tests are being conducted on the air conditioning
 
compressor at Tyler, Texas.
 
Test facilities for the expanders and other engine components (being constructed
 
with GE funds) are being assembled with the first loop to be completed nearly
 
coincident with the first 10 ton expander. Equipment has been ordered for the
 
solar collector assembly pilot facility.
 
The schedules for the prototype systems are based on assumed operational test
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site designation by February 15 for Heating Only and by March 31 for Heating
 
and Cooling. The time available for system design for the Heating Prototype
 
prior to Prototype Design Review is extremely limited and may require a change
 
in the PDR date.
 
Figure 3-2 is the schedule for the WBS Elements. All scheduled tasks have
 
been started and the major milestone, the H&C PDR achieved.
 
Figure 3-3 shows the data deliveries. During this period all scheduled items 
were delivered. 
Lack of Operational Test Site Definitions by January I continues to cause slip
 
in related events, schedules and costs.
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PART IV
 
TECHNICAL PERFORMANCE
 
SECTION I 
TASK 1.1 - MAIGEMENT 
1.1 PROGRAM DIRECTION (TBS 1.1.1) 
During this period program operation continued in the manner established during 
the initial quarter. The program team, shown in Figure 1.1-1, is essentially 
the same as that established during the initial quarter. Minor changes have 
been made and are shown in this figure. A few additional people were added to
 
this team, primarily in the test area to increase the capability for instru­
mentation design and systems planning.
 
Major customer coordination events included a meeting at Huntsville on October
 
14. This meeting was a follow-up to the heating only preliminary design review
 
and involved the discussion of key items raised at the PDR. Among these items 
was the approach of using utilities for the distribution of solar heating 
equipment, at least in the early stages of commercialization. There was also 
considerable discussion on the sizing 6f systems with respect to the amount of 
energy provided by the solar portion of the system. Several criteria can be 
used to establish the size of the system and the one used for the PDR examples, 
cost of energy delivered, tends to result in relatively small percentage con­
tributions by the solar portion of the system. It is to be emphasized that the 
system designs developed on this program by General Electric can accommodate
 
a wide range of sizes which results in similarly wide ranges in the percentage 
contributions by the solar portion of the system. Percentage contribution of
 
the solar system will be a factor in sizing the prototype system.
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Figure 1.1-1. Pro--am Organization
 
The heating and cooling preliminary design review was held on November 17. It 
also produced topics which have resulted in additional discussion with NASA. A
 
principal topic of interest is the selection of sizes of the solar/electric
 
driven cooling equipment to be developed on the program. NASA has requested
 
additional justification of the recommendation to develop two sizes of solar
 
powered cooling equipment, 3 ton and 10 ton. Discussions are continuing in
 
this area.
 
A third primary event involved a NASA requested presentation at ERDA headquarters
 
on December 6. A list of topics requested to be treated was provided and mater­
ial reviewed in a meeting in Huntsville on December 1. Included in the GE pre­
sentation was information on the recommendation to develop three and 10 ton 
solar driven cooling subsystems. Late in this report period a series of ques­
tions was received from NASA as a part of the follow-up to the December 6 meeting. 
Internal General Electric meetings during this period included a program review 
and integration meeting attended by the program team on October Z7, 1976. The 
material collected and discussed at this meeting was used in the heating and
 
cooling PDR. Management reviews included a PAR meeting on November I and a 
regular monthly management review on December 9. A special internal GE meeting
 
of interest was a corporate collector design review. This review, held for
 
the purpose of obtaining an outside independent assessment of the collector de­
sign, was held on December 9. NASA has requested a copy of the review team's
 
coments from this meeting.
 
The program is proceeding without designation of the operational test sites.
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The implications of this have been separately discussed with NASA and included
 
in the monthly progress reports. One of the consequences is that planning for
 
the system qualification testing for the heating only system is proceeding on
 
a general basis and will not be related to any particular test site as was
 
originally intended. The contracts organization of General Electric has been
 
requested to formally notify the MSFC contract operations of the consequences 
of the lack of operational test site designation.
 
1.2 PROGRAM PLANNING & CONTROL (WBS 1.1.2) 
1.2.1 PROGRAM CONTROL 
The program approach was updated in a development plan and a verification plan 
which were prepared and submitted as part of the heating and cooling PFDR package.
 
These plans are extensions of the plans originally submitted with the proposal
 
and represent updatings to reflect current program approaches.
 
The basic program control tool being used on this program is the control room.
 
It was used during this period to schedule key milestones and program activities
 
and monitor their status. This control room represents the official program
 
schedule against which GE's technical status and progress is monitored. The
 
schedule data required for the monthly, quarterly and management reports is 
extracted from the control room posting. The schedules in the control room
 
include an overall program suninary and with detailed task schedules on the side 
walls. The individual task sections of the control room schedules are moni­
tored and maintained by the responsible task leaders. In December daily pro­
gram status meetings were initiated to more closely follow hardware items. 
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Previously meetings were held 3 times per week. Problems involving interactions
 
are identified and resolved at these meetings by the assignment of action items 
which are posted and monitored in the control room.
 
A major update of the control room schedules was initiated in mid-December.
 
This exercise, known as "roll the walls", involves an update of the detailed 
task schedules which cover six month periods. The initial posting of these
 
schedules, done early in the program, was nearly 6 mnths old and needed to be 
extended. One area of the schedule which had to be adjusted involved design
 
of the prototype system for the operational test sites. Original schedules
 
had been based on identification of these sites at the PDR meeting. Currently
 
the assumption is that the heating only sites will be identified by February 15 
with the heating and cooling sites identified by March 1. 
In the budgets area the program was monitored on the basis of the profile pre­
sented in the last 4uarterly report. Overall budget results are posted in the 
control room and available on a continuing basis for inspection by management. 
A cost review exercise is currently underway with results to be presented in 
the next quarterly report. 
1.2.2 DATA MANAGEMENT
 
The scheduled data submittals completed during this period were as follows:
 
Data Requirements No.
 
-1 Development Plan (Update in PDR Data Pkg.)
 
-2 Verification Plan (Update in PDR Da"a Pkg.)
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-4 System Performance Specification 
(Updated, Preliminary for PDR Data Pkg.) 
-7 PDR Data Package (Heating & Cooling) 
-11 Monthly Status Reports (2)
 
-15 Special Handling, Installation, and Maintenance Tools
 
(Update for PDR Data Pkg.)
 
-18 Hazards Analyses (Updated for PDR Data Pkg.)
 
-24 Safety and Health Plan (Change 1) 
-26 Financial Management Report (2) 
Com ents were received on the previously submitted Quality Assurance Plan 
revision and it is being updated to reflect these changes.
 
Minutes for the Preliminary Design Review held on November 17 were submitted
 
including the then completed RIDs. At the date of this report, 3 RID's are still
 
outstanding from this PDR.
 
1.2.3 CHANGE CONTROL 
The status of Change Proposals is as follows: 
CP-001 Submitted First Quarter - has been discussed with NASA - Awaiting 
action 
CP-002 Cancelled - NASA acted on an informal submittal and incorporated 
the content of CP-002 in Modification No. 1 
The status of Contract Modifications is as follows: 
Modification No. 1 - Executed (No cost impact) 
Modification No. 2 - Reviewed by GE and awaiting final action (No cost impact). 
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1.3 QUALITY ASSURANCE (WBS 1.1.3)
 
Revision A of the Quality Assurance Plan (dated 9/30/76) was released during
 
this period. Comments from NASA on the system for reporting non-conformances
 
are being incorporated into the Plan. A non-conformance reporting form is
 
being created that meets contract requirements. A new form was created instead
 
of using the existing non-conformance report in the GE-VF quality system be­
cause the existing form is used for aerospace hardware and is subject to a dis­
ciplined set of working procedures. The Quality Assurance Plan for this pro­
gram calls out slightly different procedures and itwas considered appropriate
 
to avoid the complexity associated with using the same form in two sets of
 
working procedures.
 
Significant Quality Assurance activities this period were:
 
1. 	Development of a non-destructive method of measuring collector tube wall 
thickness in the area of tube enlosure. Method developed utilizes a 
standard comparator and enables wall thickness to be measured within 
± 0.001 inch for entire curvature of enclosure. 
2. 	Maintenance of development hardware configurations for evaluation of
 
performance and wear results. This includes detail measurements of
 
significant dimensions as well as discrepancies.
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SECTION 2
 
TASK 1.2 - SYSTEM DEVELOPMENT 
2.1 INTRODUCTION 
The major program activity this period was in the heating and cooling system 
definition and in the S/EDHP design. Additional development activity was started 
on the Heating only system hardware definition. Key results of these activities
 
are presented in this section, organized by WBS elements. 
2.2 ANALYSIS AND INTEGRATION (WBS 1.2.1) 
Systems analyses activities were directed toward identifying and verifying 
the "best" system configurations for the heating and cooling systems and to de­
velop the parameters for the heating system configurations building blocks.
 
The heating and cogllng system studies were performed using the Washington 
D.C. area as one baseline climate region, selected on the basis of climate and
 
demographics. System configurations and parameters were evaluated for the Fort
 
Worth, Texas climate region as well to introduce a longer, more severe cooling 
season and different climate factors to support the seldction of -the heating and
 
cooling system building block sizes.
 
The approach of assuming building models, establishing configurations, con­
ducting trade studies and selecting baseline configurations was followed for the 
heating and cooling systems definition similarily to the procedure established 
for the heating only systems. 
Preliminary system specifications were written using the study models to form
 
a basis of design for the Operational Test sites.
 
The order of presentation of the systems material is as follows:
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i. 	 Baseline Systems Configurations (Heating Only System) 
2. 	 Analysis of Heating and Cooling Systems 
3. 	System Trade Studies
 
2.2.1 BASELINE SYSTEM CONFIGURATIONS (BEATING ONLY) 
2.2.1.1 System Modifications
 
There have been several changes in the system configurations and new system 
schematics are presented in Figures 2.2-1 through 2.2-3. These include the 
following: 
1. 	In the HSF system the solar direct mode of energy distribution has been 
replaced by the solar indirect mode. This change greatly simplifies the 
control logic for the storage and distribution functions at practically 
no 	penalty (less than 2%) -ih the system performance. Nov, instead of 
a combined storage and distribution loop, there is a separate loop for
 
each of these functions, resulting in the replacement of two control
 
valves with a pump,
 
2. 	 In the ME and HCOM systems the implied hydronic coil bypass is now 
explicitly shown. 
2.2.1.2 	 System Building Blocks 
A building block concept has been developed to identify system component 
characteristics associated with solar energy systems for applications which span
 
the 	range of single and multi-family residences through commercial buildings. The 
component characteristics were defined by system analysis for the baseline systems
 
for each generic application. For larger or smaller sized systems the component
 
characteristics were scaled from the baseline values. The component characteristics
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Figure 2.2-3. System Schematic, Heating Commercial 
as well as the space and domestic hot water loads for five building blocks within
 
each building category are defined in Table 2.2-1.
 
2.2.2 SYSTEMS ANALYSIS OF HEATING AND COOLING SYSTEMS 
The heating and cooling systems were identified for the single family (SF), 
multi-family (MF), and commercial (COMM) building categories. 
The heating and cooling loads were obtained using the building characteristics
 
defined for the heating only system which exceed or meet the ASI&AE 90-75 in­
struction standards. Tradeoff studies were performed using 1964 Washington, D.C.
 
and 1962 Fort Worth, Texas weather conditions. Washington, D.C. provides a case
 
for which the cooling load is smaller than the heating load while Fort Worth ex­
hibits a larger cooling than heating requirement. Due to the population concen­
tration and high fuel costs of the Washington area, it becomes a more important
 
region for SHAC systems applications.
 
2.2.2.1 Baseline Configurations 
The baseline systems for each building type are presented in schematic form
 
in Figures 2.2-4 through 2.2-6. The heating portion of the systems is identical 
to the heating only systems. 
The peak and annual energy requirements of the three building types at both 
locations are presented in Table 2.2-2. The baseline collector configuration for 
each building and location, obtained through economic considerations are given in 
Tables 2.2-3 through 2.2-5. The baseline systems will supply 68, 67, and 58 per­
cent to the total energy requirements of the SF, Zf, and COMM buildings respectively 
for Washington, D.C. and 69, 72, and 78 percent of the respective Fort Worth 
-'uildings total energy requirements. The monthly system performance obtained 
using the baseline collector configurations for both locales are presented in
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Table 2.2-1. System Building Block Characteristics
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Table 2.2-1. System Bui."ing Block Characteristics (continued)
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Table 2.2-I. System Building Block Characteristics (continued)
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Table 2.2-1. System Buliding Block Characteristics (continued)
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Figures 2.2-7 through 2.2-12. For all cases energy deficits exist during peak
 
heating and cooling months. While during the off-peak months nearly all the 
energy required by the buildings is supplied by the appropriate solar system.
 
Table 2.2-2 Building Energy Requirements 
Peak Peak Annual Annual Annual
 
Heating Cooling Heating Cooling DHW 
(XBTtJ) (snTUz) (MMtTU) (QffT) (NMMTU) 
Single Family 
Washington 36 35 56 16 20
 
Fort Worth 28.8 40.6 23.4 41 16
 
Multi-Family
 
Washington 218 171 291 106 180
 
Fort Worth 189 205 119 282 131
 
Commercial 
Washington 1371 1126 1317 650 70
 
Fort Worth 1032 1379 596 1848 44
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Table 2.2-3. System Description - HCSF Baseline 
IIAJOR SOLAR ILARDWARE FORT WORTH I WASHINGTON, D.C. 
267 FT2 (18 TC-100 PANELS) 326 FT2 (22 TC-100 PANELS)

SOLAR COLLECTOR AREA 280°F MAX. OPERATING TEMPERATURE 280°F MAX. OPERATING TEMPERATURE
 
400 GAL. OF WATER 
TIIEEtLAL ENERGY STORAGE 950 F 111N. TEMPERATURE 490 GAL. OF WATER (950F MIN,TO 2500F MAX) 
2500F MAX. TEMPERATURE 
CAPACITY = 60 KBTU/IRff CAPACITY = 70 KBTU/NR 
COLLECTOR SIDE FLOW RATE = 4 GPM i COLLECTOR SIDE FLOW RATE - 5 GPM 
COII.EC"Oi LOOP EWAT COLLECTOR SIDE TEMPERATURE DROP - 3pOF COLLECTOR SIDE TEMPERATURE RISE - 270F 
LICIHNGIR li-I TES SIDE FLOW RATE = 12 GPM TES SIDE FLOW RATE = 15 GPM 
TES SIDE TEMPERATURE RISE - lOF TES SIDE TEMPERATURE RISE - 9.3 
42 KETU/IIR 30 K.BTU/UR 
1:,:]RGY D!STRIBUTION IBWAT WATER SIDE FLOW RATE - 16 GPM TES SIDE FLOW RATE = 16 GPM WITH 
E::dI'ANCCR UX-2 WATER SIDE TEMPERATURE RISE - 5.3 0 F 4°F TEMPERATURE DROP 
AIR SIDE FLOW RATE = 1200 CFM AIR SIDE = 23F TEMPERATURE RISE AT 1200 CEFM 
AIR SIDE TEiPERATURE RISE 32 0F 
•A" I,)/k-C UNIT [ UNIT HAVING 3-TON CAPACITY 1 UNIT flAyING 3-TON CAPACITY 
1' ( ICE - FOqT I OI{fII: PERFORMANCE - WASHINGTON, D.C.
 
icO0 i:aI2 90-75 STAZDARD WASHINGTON, D.C. 1964 WEATHER
SINGCI F FAMILY RESIDENCE BUILDING BUILT TO ASBmAR 

727 OF 24 mIrU Si;ASONT, SPACE IIHATINI LOAD SATISFIED 1800 PT2 LOffE BUILT TO ASIAE STD 90-75
 
60. OF 41 CI11 LAL LOAD SATISFIED 66% OF 56 NNBTU SEASONAL SPACE HEATING LOAD SATISFIEDU SLASO SPACE COOLING 
bOfY OF 16 .FhiTU 110T UATER LOAD SATISFIED 78% OF 16 NMBTU SEASONAL SPACE COOLING LOAD SATISFIED 
1'A'RASII[C EN'RGY RLQAD 4.2 frIBTU, 6.1% OF SOLAR ENERGY SUPPLIED BY 69% OF 20 biBiTH HOT WATER LOAD SATISFIED 
SYSrIl21. PARASITIC ENERGY REQ'D 5.03 1NNBTU, 8.0% OF SOLAR ENERGY 
SUPPLIED BY SYSTEM. 
Table 	2.2-4. System Description - HWC Baseline 
MAJOR SOLAR HARDWARE FORT WORTH WASHINGTON, D.C. 
1839 FT2 (124 TC-100 PANELS) 1839 FT2 (124 TC-100 PANELS) 
SOLAR COLLECTOR AREA 
2800 F MAX. OPERATING TEMPERATURE 280°F MAX. OPERATING 	 TEMPERATURE 
2760 GAL. OF WATER 2760 GAL, OF WATER 
THEUIAL ENERGY STORAGE 95OF MIN. TEMPERATURE 95 0 F MIN. TEMPERATURE 
2500 F MAX. TEMPERATURE 250OF MAX. TEMPERATURE 
CAPACITY - 430 KBTU/HR CAPACITY- 430 KBTU/IIR 
COLLECTOR SIDE FLOW RATE - 28 GPH COLLECTOR SIDE FLOW RATE 28 GPM 
COLLECTOR LOOP HEAT it ft TEMP. DROP - 30°F It TEMP DROP 30F 
EXCHANGER II-I TES SIDE FLOW RATS - 56 GPM TES SIDE FLOW RATE 56 GPM 
.t .1 TEMP. RISE - 1501 ii TEMP. RISE 15OF 
41
 
I') 	 12 UNITS HAVING A CAPACITY OF 30 KETU/HR 12 UNITS 30 KBTU/HR 
o 	 ENERGY DISTRIBUTION |EAT WATER SIDE FLOW RATE - 6 GPM WATER SIDE FLOW RATE 6 GPM 
EXCHANGER ILX-2 TEMP. DROP - OF TEIP. RISE - 1O°F 
AIR SIDE 	 FLOW RATE - 1200 CFM AIR SIDE FLOW RATE 1200 CFM 
TEMP. RISE .TbDOF TEMP RISE THD OF 
RANKINE/A-C UNIT 	 2 UNITS EACH HAVING 10-TON CAPACITY 2 UNITS EACH HAVING 10-TON CAPACITY 
250 KBTU/JR 300 KaTU/hR 
RANKINE COOLING TOWER TEMP (DB) = THD TEMP (WB) - TED TEMP (DB) = TED TEMP (WB) - TBD 
PERFORMANCE - FORT WORT PERFORMANCE - WASHINGTON, DC. 
14,400 FT2 MULTI FAMILY RESIDENCE BUILDING BUILT TO ASHRAE 90-75 STD. WASHINGTON, D.C 1964 WEATHER 
107. OF 119 NN1BTU SEASONAL SPACE HEATING LOAD SATISFIED 14,400 FT2 MULTI FAMILY RESIDENCE BUILT TO ASURAE 90-75 STD. 
61% OF 281 tIIXTU SEASONAL SPACE COOLING LOAD SATISFIED 54% OF 294 MHBTU SEASONAL SPACE HEATING LOAD SATISFIED 
917. 	 OF 131 MNBTU HOT WATER LOAD SATISFIED 65% OF 61 MMBTU SEASONAL SPACE BEATING LOAD SATISIFIED 
91% OF 18O HHBTU HOT WATER LOAD SATISFIED 
PARASITIC ENERGY REQUIRED 32.6 MHMBTU, 8.57 OF SOLAR ENERGY 	 PARASITIC ENERGY REQUIRED 34 JNBTU, 9.7%OF SOLAR ENERGY 
SUIPLIED BY SYSTEM 	 SUPPLIED BY SYSTEM
 
Table 2.2-5. System Description - HCCOM Baseline 
IAJOR SOLAR IARDWARE FORT WORTH 	 WASIIINGTON, D.C. 
8898 FT2 (600 TC-100 PANELS) 	 5932 FT2 (400 TC-100 PANELS)
 
SOLAR COLLECTOR AREA 
280SF MAX. OPERATING TEMPERATURE 280"F MAX. OPERATING TEMPERATURE 
13,350 GAL. OF WATER 	 8,900 GAL. OF WATER
 
TIIERMAL ENERGY STORAGE 	 95 0 F MIN. TEMPERATURE 95°F MIN. TEMPERATURE 
2500 F MAX. TEMPERATURE 2500F MAX. TEMPERATURE 
CAPACITY - 2100 KBTU/HR CAPACITY - 1400 KBTU/llR 
COLLECTOR LOOP HEAT COLLECTOR SIDE FLOW RATE - 132 GPM COLLECTOR SIDE FLOW RATE - 88 GPM 
EXCIHAIGER 11K-I TEMP. DROP - 320F TEMP. DROP - 320F 
TES SIDE FLOW RATE 264 GPM TES SIDE FLOW RATE - 176 GPM 
TEMP. 'RISE - 160F TEMP. RISE 16'F 
10 UNITS EACH HAVING A CAPACITY OF 180 KBTU/HR 10 UNITS EACH HAVING A CAPACITY OF 150 KBTU/HR 
ENERGY DISTRIBUTION HEAT WATER SIDE FLOW RATE - 18 GPM WATER SIDE FLOW RATE 15 GPM 
EXCHANGER ILX-2 TEMP. DROP 20F TEMP. DROP - 20°F 
AIR SIDE FLOW RATE = 4000 CFM AIR SIDE FLOW RATE - 4000 CFm 
TEMP. RISE - 420 TEMP. RISE - 35F 
RANKINE/A-C UNIT 	 10 UNITS EACH HAVING 10-TON CAPACITY 10 UNITS EACH HAVING 10-TON CAPACITY 
1.5 lOBTU/IIR 1.5 iflIBTU/H 
RANKINE COOLING TOWER TEMP (DB) - TED TEMP (WE) - TED TEMP (DB) - TED TEMP (WE) = TBD 
PERFORtIANCE - FORT WORTH 	 PERFORMANCE - WASRIINGTON, D.C. 
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2.2.3 SYSTEM TRADE STUDIES
 
Trade studies have been performed to establish system sizes and configurations 
best suited to the loads developed for the typical buildings developed and defined 
during the heating only study. 
Initial trade studies made to support system configurations were reported
 
on in the first Quarterly Report. The results led to the following conclusions: 
1. 	 The size of the solar driven air conditioner should be smaller than 
the electric driven machine 
2. 	The 3olar driven machine should only operate in the cooling mode. 
A number of configurations were studied for the low temperature Rankine 
system (LTR) as summarized in Table 2.2-6. 
Table 2.2-6. 112 Configurations 
CONF. NOMINAL TYPE OF A/C TYPE OF LTR OPERATING 
CAPACIT? EVAP01?%TOl* COHD-.NSOR** MOD["*** 
A 3T Dx AIR IRATCHED 
B lOT Cl. W MATCHED
 
C 10T Dx W MATCHED
 
D 3T Dx AIR MOTOR BOOST
 
E lOT Dx W MOTOR BOOST
 
F 10T Ch AIR MATCIED
 
* cDx 	 a chiller.is a direct expansion coil, Ch. refers to 

** The LTR condenser is either air cooled, or water cooled.
 
*** 	 Matched operation refers to a directly coupled expander and compressor. 
Motor boost refers to an electric motor clutched to the expander for 
load sharing. 4-23 ORIGINAL PAGE IS 
OE 	PoOR QUALITY 
The 3 ton systems were evaluated for the single family residence and the 10 
ton systems were applied to both the multi-family and the commercial buildings. 
Heating and domestic hot water approaches are similar to the heating only con­
figurations with the exception that a heat pump supplies part of the auxiliary 
energy requirements. 
The 	parameters that were varied included
 
1. Collector area
 
2. High temperature TES volume
 
3. Low temperature TES volume 
4. 	H1X- size 
5. 	Flow rate to the LTR Vapor Generator
 
6. SDHF performance 
The fixed parameters for all studies included the use of the TC-100 vacuum
 
tube collector with a fixed orientation, facing south, tilted at the latitude
 
angle. Tilt effects on the TC-100 collector amount to less than a 4% deviation
 
in collected energy over a range of + 150 about the latitude.
 
2.2.3.1 	Single Family Residence (HCSF) Configuration
 
The single family residence's two possible LTR configurations (A & D of Table
 
2.2-6) were examined to define which system would provide the optimum performance.
 
Operational capacities and performance characteristics of the LTR/heat pump system
 
are based on the analyses described in paragraph 2.3.2.10.
 
Figure 2.2-13 shows the influence of collector area on the energy delivered
 
by the solar system. The storage volume was kept at 1.5 gal/ft2 of collector
 
area 	and a 950 minimum temperature (in heating) and a 2500 maximum (for cooling)
 
were 	used.
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Figure 2.2-14 illustrates how insensitive the specific TES volume is in system
 
performance beyond 1.0 gal/ft2 of collector. This holds true for both heating and
 
for cooling as well as over a wide range of collector array sizes. One inter­
esting result is that continually increasing the TES size for cooling can lead
 
to performance degradation. The tank heat losses become significant at the high 
temperatures required for cooling. 
A comparison was made between configurations A and D, the SDHP matched opera­
tion and the SDHP motor boost mode for a typical case. The results presented in
 
paragraph 2.2.3.6 showed that while more solar energy was utilized to cool the
 
building, the total auxiliary energy required to operate the solar system in­
creased. On that basis, the motor boost configuration is not as attractive from
 
systems performance considerations.
 
An analysis was performed to determine the effect of the solar fluid flow
 
rate and LTR vapor generator pressure drop on SDHEP performance, and Figure 2.2-15
 
contains the results. Shown are the influence of the solar heated fluid flow rate
 
and the vapor generator (V/G) pressure drop on the LTR delivered horsepower,
 
energy required and Rankine cycle efficiency at the 3 ton design point. De­
creasing the flow rate decreased the horsepower delivered. However, the energy
 
required by the vapor generator also decreased and the net effect is only a small
 
loss in cycle efficiency. A more important effect is the fact that as horsepower
 
decreases, so too does the speed of the LTR expander/compressor and the output
 
capacity of the heat pump.
 
2.2.3.2 	Multi-Family Residence (HCD9) Configuration
 
Tradeoffs for the multi-family residence included collector area effects, use
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700 
20 
use of direct expansion evaporators vs. a chiller evaporator, and the effect of
 
cold storage tank volume for the chiller system. Tradeoffs on hot storage TES
 
volume and motor boost vs. matched operation trends performed for the HCSF case 
were not repeated based on the similarity of application and the trends found 
during the heating only studies. 
Figure 2.2-16 shows the collector area effects making use of preliminary 
expander performance to determine the operating regime. 
The curves use the SIEDH's system with direct expansion coils. A data point 
using the chiller system is shown for the cooling season. The performance of the 
chiller systems is close to the performance of the direct expansion system but
 
not superior to it. The system with a chiller must operate at a lower COP than
 
the direct expansion system due to the lower refrigerant temperatures required. 
However, the use of a cold storage system may allow partial recovery of system 
efficiency due to off peak cooling capability. 
The effect of the size of the cold storage tank was also evaluated using a 
1860 ft2 collector array shown in Figure 2.2-17. Small increases in system
 
performance are observed when the LTES's capacity is increased. Some LTES capa­
city which will be defined later is required to minimize the cycling (on/off) of 
the cooling machine. 
Multi-family dwellings involve the choice of centralized HVAC units with dis­
trlbution systems or senarate small systems dedicated to each unit. In either 
case current recommended practice requires that the energy consumption of the 
individual units be measured. Cooling of multi-unit buildings practically in­
volves the use of a chilled water system or individual units. The technical
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problems with air distribution from a central cooling unit are difficult and most
 
known solutions are energy wasteful. Therefore, the program choice was a central
 
unit with chiller or individual units. 
2.2.3.3 Commercial Building Application
 
Studies were performed on the comercial applications in a similar manner to 
those for the multi-family application. Figure 2.2-18 shows the collector area
 
influence using the analytical expander model to determine SDEP performance. 
The comparison between the DX system and the chiller system is included for a 
single collector area. As discovered in the studies of the HOMF case, the 
chiller with cold storage performed close to but not superior to the DX case 
with no cold storage capability. The influence of hot TES volume was studied for 
a single collector area with identical results found from the HCSF studies.
 
2.2.3.4 Solar Loop Heat Exchanger
 
The solar loop heat exchanger was investigated to optimize and standardize 
its sizing. A comparison of Figures 2.2-19 and 2.2-20 indicates that an optimum 
UA product exists for the presently proposed collector system. The UA product is
 
different for the different building types in different climates. A non-demensional 
approach was found which will collapse all the data into one line as shown in
 
Figure 2.2-21. In Figure 2.2-21, a nominal U of 300 Btu/hr ft2F is used but 
areas with other U's can be evaluated as long as the UA product remains consistent. 
The data points which fall significantly below the curve show the effects of the
 
small sizes of the TES in the single family home coupled with the other system
 
components. The dashed arrow indicates the performance is improved when the TES 
size is increased.
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2.2.3.5 	System Simulation Computer Code Update
 
The computer code SSS, used in preliminary system design and analysis, has
 
been 	updated to accommodate a building load tape as an input to the code. The
 
code takes the output from the Building Transient Thermal Loads (BTTL) program
 
which determines heating and cooling energy demands using a simple finite differ­
ence mathematical technique to calculate time-varying temperature profiles of
 
elements of a thermal model for a building. The BTTL and SSS codes will be used
 
in the final design simulation for test site installation of solar systems.
 
The control logic for on-off operation of solar driven heat pump has also
 
been updated to simulate the temperature deadband control. The fraction of hour
 
of SDHP in operation is determined by the thermal storage task set temperatures
 
and the rate difference between incoming solar energy from the collector and out­
going energy to the Rankine vapor generator. The change to deadband temperature
 
control resulted in no significant change of parasitic power requirement from the
 
non-deadband system.
 
2.2.3.6 Comparison of 3 ton LTR Matched Operation vs Motor Boost Operation
 
Analysis was made to determine the parasitic power requirement for two
 
different LTh operating configurations. Motor Boost vs Matched. The comparison
 
is shown in Table 2.2-7 for single family residence baseline system in Washington,
 
D.C. The results showed that with the Hatched mode, the LTR operated for lesser
 
hours with more electric heat pump back up as auxiliary energy. However, the
 
Rankine engine parasitic requirement for operating in the Motor Boost mode ex­
ceeded the energy saving of running lesser electric heat pump than the Matched mode.
 
Thus, overall parasitic requirement for Motor Boost system is approximately 5% more
 
than that of the Matched system.
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Table 2.2-7. Comparison of LTR Matched Operation and Motor Boost Operation
 
Matched Operation Motor Boost 
Rankine Operating 225 261 
hour 
Electric Heat Pump 2152 1376 
parasitic (KBTU) 
Rankine Engine Parasitic 1085 1259 + 761 (Motor Power)
 
(ICHTU)
 
Pumps Parasitic (KBTU) 2096 2125
 
Hot Water Auxiliary 309 461
 
(IBTU) 
Total System Parasitic 5644 5980
 
(NBTU) 
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2.3 SYSTEM DEVELOPMENT (WBS 1.2.2)
 
2.3.1 BEATING SYSTEMS (WBS 1.2.2.1)
 
2.3.1.1 Collector (WBS 1.2.2.1.1)
 
The collector development task includes the design and performance verification of
 
the basic collector, the design activities related to integrating the collector
 
into standard roof structures and the design and development of a heat transfer
 
loop of which the collector forms a part. Activities in all three areas have
 
continued during the second reporting quarter for the contract effort and signifi­
cant accomplishments are summarized in the following paragraphs.
 
2.3.1.1.1 Collector Design and Performance Verification
 
A collector was shipped to the Florida Solar Energy Center (FSEC) for independent
 
verification of collector performance while the GE facility was being prepared.
 
Even though the Center could only test to 2000 F, it was felt that verification up
 
to 200OF would help establish a confidence level in previously taken GE data.
 
Results of FSEC testing were disappointing. Because of bad weather, inexperience
 
of testing at the higher temperatures and a clogging problem produced by pumping
 
well water through the serpentine, all of the data points taken were suspect.
 
The GE building B facility was completed and made operational during the reporting
 
period. First one collector, and then a pair of collectors were tested. The
 
results of the testing are presented in Table 2.3-1.
 
In Table 2.3-1, the computer calculated performance at the given test conditions
 
is compared with the measured test conditions. Test points I through 15 were run
 
with a defective shroud. Correlation was good, except at the higher temperatures
 
where the defective shroud radiated energy outward, thereby affecting the
 
performance significantly. The defective shroud was not as apparent at the lower
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Table 2.3-1 Instantaneous Thermal Efficiency Test
 
Data Correlation for TC-100 Collectors 
TEMPERATURE (OF) INSOLATION THERMAL EFFICIENCY 
TEST HOUR INCIDENT ANGLE FLUID AMBIENT (Btu/hr/ftz) Calc Test COMMENTS 
1 10:34 24.0 139 43 256.9 50.5 48.5 One TC-l00 
2 11:03 17.3 138 43 267.9 52.5 52.5 Collector with 
one bad shroud 
3 10:58 18.5 118.9 47.2 257.2 52.8 52.0 
4 11:45 8.0 134.8 48 257.7 55.7 53.5 
5 10:27 25.8 225.7 52.1 245 45.9 38.1 
9 11:14 15.0 245 35.6 269.3 48.4 39.4 
11 12:14 5.4 261.4 57.8 270.7 53.1 37.2 
12 10:41 22.8 279 19.9 261.5 43.7 28.2 
14 12:58 12.1 291 24.6 264.7 46.3 40.5 
15 14:04 26.7 293.8 24.9 220.1 39.0 28.1 
16 13:06 13.7 263 32 255.2 47.6 45.1 One TC-100 
17 13:44 22.2 
ooQ 
_ 
269 32.3 231.8 43.7 36.2 
Collector with 
all good shrouds 
18 11:49 8.8 255 19.3 311.6 52.1 47.1 Two TC-100 
Collectors with 
one bad shroud 
19 10:20 27.7 253 32 245.6 43.1 42.6 Two TC-100 
Collectors with 
20 11:15 15.5 263 32 268.5 
48.0 49.6 
all good shrouds 
21 12:24 7.1 263 34 264.6 51.9 51.4 
22 13:21 17.1 260 36 240.6 46.7 45.1 
23 14:25 28.6 256 37 191.1 39.8 31.8 
temperatures because the radiative power of the coated surface is significantly
 
less. Runs 16 and 17 were with all 10 shrouds operational and correlation was
 
better.
 
Two collectors were then tested in series to increase the AT across the insolated
 
area thereby improving measurement accuracy. Correlation was better even with one
 
bad shroud. Data point 23 appears significantly low, but the time of measurement
 
was approximately 2 hours after solar noon and there is a significant dip in
 
concentration ratio at or near that point. A 10 minute error in reporting the
 
time or the time of solar noon could account for the error.
 
The overall conclusion from the data is that the collector will meet its performance
 
predictions. The good correlation between analytical prediction and actual test
 
results confirms the adequacy of the computer model which is then used to predict
 
annual performance. Data is continuously being taken at the present time to insure
 
that extreme test conditions of low insolation, declination angle and daily solar
 
angle will also correlate with predicted results.
 
2.3.1.1.2 Collector Integration
 
A collector manifold design has been formulated which appears to be universally
 
acceptable for most mounting situations. Figure 2.3-1 illustrates this design
 
and identifies its key components. The pipe is Type L copper tubing, which offers
 
trouble free service due to its excellent corrosion resistance. It is readily
 
available and cost effective due to a combination of easy handling, forming,
 
joining and service life, and is preferred by most tradesmen consulted on desir­
ability of various materials. All interconnections are by~commercially available
 
standard flared brass water tube and copper wrought and cast-fittings. If
 
appropriate brazing alloys are used the rated working pressures ("300pst) meet
 
the desired safety factor (5X) for the collector's service temperatures.
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The insulation is a standard fiber glass duct insulation. A typical brand is the
 
Johns-Mansville 800 series spin-glas. This particular insulation offers excellent
 
thermal resistance, lightweight, minimum volume, long life, and ease of installa­
tion. A thickness of two inches for a manifold pipe diameter of 0.875 inch is
 
needed to keep heat losses to less than 10% of the daily energy collected.
 
The manifold configuration is a simple covered manifold. Prefabricated manifolds
 
in lengths of 4 feet and 8 feet will be offered. It is anticipated that the
 
selected diameter of 3/4 inch will be acceptable for most array assemblies.
 
A collector mounting design has been completed for residential applications. The
 
selected design is insensitive to attic accessibility, or roof slope. Figure
 
2.3-2 shows an artist concept of the mounting design. Standard slotted unistrut
 
channel will be affixed to the roof. The channel will be secured every 32 inches
 
with standard lag bolts that top into the roof rafters. A 114 inch thick neoprene
 
spacer will be installed between the outer roof surface and the bottom of the
 
channel. This spacer will elevate the channel off of the roof and act as a
 
vibration isolator and/or dampener for the collectors. Roof cement will also be
 
applied to the lag bolt to add water proofing. Simple angle brackets will then
 
bolt to the channel and to the collector corner mounting points. Standard aluminum
 
flashing will be installed around the collector array perimeter to channel rain
 
around the array and prevent snow and other material from blowing under the
 
collectors.
 
2.3.1.1.3 Collector Primary Loop
 
A Thermacore, Inc. heat transfer specialist was brought in as a consultant for the
 
primary loop primarily to review the loop configuration for feasibility, overall
 
performance, and component function. As a result of its investigations, Thermacore
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has 	recommended the following changes:
 
1. 	Provide a pump lockout to prevent it from restarting after it had shut
 
down and the collectors reached stagnation temperatures.
 
2. 	Include a vapor condensor for hot shutdown.
 
3. 	Leave the expansion tank uninsulated (this requires installing an air
 
separator in the loop as opposed to cycling the working fluid through
 
the tank ).
 
4. 	Eliminate the positive vent since any all-copper system should not generate
 
H2 * However, incorporate a trap for analysis purposes on initial installa­
tions.
 
5. 	Consider a positive temperature control for overtemperature conditions on
 
large installations.
 
Figure 2.3-3 shows the present loop configuration without the positive temperature
 
control which incorporates Thermacore's recommendations. The function of each
 
component is as follows:
 
1. 	Pump - circulate the fluid 
2. 	VV2 - solenoid valve with time delay. Opens when pump is not operating and 
closes at some specified-time after pump operates. 
3. 	Expansion tank - storage tank for liquid inventory when collectors are drained
 
4. 	S - safety valve to prevent overpressure
 
5. 	Vapor Condenser - a cold area that reduces partial pressure of working fluid
 
vapor in the hot shutdown condition.
 
6. 	Air Separator - Permit flow-through expansion tank only until level of fluid
 
on expansion tank reaches operating water line.
 
7. 	Gas Trap - collection point for analysis of gas generated in the system. 
COLLECTORS 
VAPOR 
CONDENSER 
GAS TRAP 
IS 
VV2 
oS 
EXPANSION - NON OPERATING 
WATER LINE-
OPERATING 
WATER LINE 
LIQUID AIR T E 
PUMP 
Figure 2.3-3. 
AkIR 
SEPARATOR 
DRAIN 
VALVE 
Present Collector Primary Loop Configuration 
It was recommended to use positive temperature control for large systems because
 
of the following:
 
1. Reliability is inherently higher
 
2. An active temperature control would allow the system to come back on at
 
any time. 
On large systems, the energy consumed to "dump" energy is low and the primary loop 
for commercial systems will include a positive temperature control. Analyses are 
presently in progress to see what the penalty would be for smaller systems.
 
Continued investigation of Prestone II temperature capabilities has not revealed
 
any problems. The inhibitors in Prestone II appear to be effective after short
 
exposures at stagnation temperatures.
 
2.3.1.2 Energy Storage
 
,Specification 261A2250, Thermal Energy Storage Tanks, issued previously, was revised
 
and expanded to cover the full range of Heating and Heating and Cooling "building
 
block" system sizes. Part numbers were assigned to each increment in performance
 
requirements corresponding to the systeni building blocks.
 
A plan is being developed to establish working relationships with various tank vendors
 
whereby, through a system of standard sizing, multiple-use concepts, the total number
 
of different fabricated parts can be reduced. Through this approach, it is anticipated
 
that a low-cost high volume production process can be introduced which can also reduce
 
stocking cost factors.
 
Specification 261A2868, Expansion Tank, Thermal Energy Storage, has been completed and
 
is being reviewed prior to issuance.
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2.3.1.3 Space Heating/cooling
 
Specification 261A2859, Air Handlers and 261A2861, Hydronic Coils, have been prepared
 
in the full "building Block" range format as discussed in paragraph 2.3.1.2 and are •
 
currently in the review cycle.
 
2.3.1.4 Auxiliary Energy Subsystem
 
No significant activity during the reporting period.
 
2.3.1.5 Hot Water Subsystem
 
Design evaluation studies have been initiated and specification preparation is currently
 
in process. See also paragraph 2.3.1.7.
 
2.3.1.6 Energy Transport Subsystem
 
Specification 261A2852, Collector Pumps, and 261A2853, Energy Transport Pumps, issued
 
previously, have been revised and expanded to incorporate the full range of "bulding
 
block" system sizes as discussed in paragraph 2.3.1.2. Specifications for the collec-nr
 
energy heat exchanger and for mixing, diverting and thermostatic valves are in process.
 
2.3.1.7 Combined-Function Comoonents
 
Specifications 261A2855, Combined-Function Tank for thermal energy transfer and
 
storage, and 261A2860, Combined-Function Heat Exchanger for Collector, Storage and
 
DHVW, were prepared and issued. These specifications define candidate combined-function
 
items which may replace conventional components to effect system cost savings through
 
elimination of separate procurements, installation, and stocking. Initial vendor
 
contacts to establish sources are in progress.
 
Specification 261A2867, Auxiliary Hydronic and DHW Heater, has been prepared and is
 
in the final review cycle, prior to being issued.
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2.3.1.8 Controls Subsystem (WBS 1.2.2.1.7)
 
2.3.1.8.1 System Design
 
the system design has changed in the last quarter for Heating Single Family resulting
 
in a simplification of the controls design. Figure 2.2-1 shows the system schematic
 
for Heating Single Family. A new fluid loop is indicated between the collector loop
 
heat exchanger (HXI) and the thermal storage tank (TES). The new design eliminates
 
the options of direct solar heating and solar boost described in the First Quarterly
 
Report.
 
Figures 2.3-4 through 2.3-6 show the major operating modes for Heating Single
 
Family, which are:
 
1. Solar collection and storage
 
2. Heating from storage
 
3. Storage boost heating
 
ncluded on each diagram is a list of operating conditions that satisfy the mode
 
shown (i.e. Si-Yes, PI-On. etc.). 
The elimination of the direct solar option means that, as mentioned at the Heating
 
and Cooling PDR, the collection/storage configuration is presently identical for
 
all Heating and Heating and Cooling Systems. Recently, reviewers of the collector
 
subsystem have recommended evaluation of a positive temperature control to limit
 
collector fluid temperatures in the 280°F region in large collector fields. The
 
impact of this configuration change (heat dump) on the controls subsystem is under
 
analysis, but has not been integrated into the system or controls design.
 
The Heating Multi Family and Heating Commercial Systems have the same system design
 
and control modes as reported in the First Quarterly Report.
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2.3.1.8.2 Component Development
 
2.3.1.8.2.1 Sensors-Three areas of sensor development have been undertaken-in
 
this time period; namely, analog temperature sensors, thermal switches, and solar
 
integrator.
 
The analog temperature sensor is a nickel-vire RTD. A specification has been
 
written describing the electrical, environmental and packaging aspects needed to
 
use this sensor in the fluid loops and storage tanks of the Heating and Heating
 
and Cooling systems. A request for quotation has been released and two companies
 
have offered samples for evaluation.
 
The thermal switch development involves a specification which bridges the gap
 
between standard bimetal switches and the packaging and environmental requirements
 
of the Heating and Heating and Cooling Systems. A Request for Quotation has been
 
released to various thermal switch manufacturers.
 
The solar integrator is a device which measures solar energy over a time period
 
and utilizes decision logic to operate the collector loop pump. The device consists
 
A siliconphotodiode
of a rain-tight package which houses a printed circuit board. 

with appropriate spectral and angular response is mounted on the outside of the
 
package to measure insolation. A power loss circuit internal to the logic operates
 
with a "darkness" threshold (measured by the photodiode) to lockout collector loop
 
operation under mid-day power loss (high stagnation temperatures in the collectorl
 
conditions.
 
This package has been breadboarded and is currently on test. In-house printed
 
circuit board and packaging designs are nearing completion. A preliminary specifi­
cation is written and soon will be released to electronic packaging vendors for
 
quotation.
 
0- eOORQUALiTY 
2.3.1.8.2.2 System Logic Design
 
Commonality has been achieved in the design of a logic board for the heating systems.
 
A breadboard has been built and bench tested of a logic design which can be used for
 
Single Family, Multi-Family and Commercial Heating Systems. Standard logic integrated
 
circuits have been used in the design in place of the Field Programmable Logic Array
 
(discussed in earlier PDR's) due to cost tradeoffs and system design simplification.
 
Selection of Single Family or Multi-Family/commercial operation is obtained by
 
changing position of circuit board-mounted dual-in-line switches. Power interface­
is obtained through optical couplers which provide a constant gate signal for a power
 
semiconductor (TRIAC).
 
The design has been released on the logic board. An in-house printed circuit board
 
layout has been started.
 
2.3.1.8.2.3 Packaging 
.tn in-house packaging layout is nearing completion to house the system logic circuit 
board, transformer, terminal strips and semiconductor power switches (TRIAC). This 
package provides NDMA Class 1 protection to the live circuits, heat sinking for the 
TRIACS, and field installable mounting, conduit and wiring interfaces. A specifi­
cation is in process for the package and the system logic board. As in the case of 
the solar integrator, this specification will be released for quotation to electronic
 
packaging manufacturers.­
2.3.1.9 Electrical Subsystems
 
Quarterly Report No. I contains top-level electrical diagrams for the three heating
 
only systems and the philosophical approach being followed in designing both the heating
 
and the heating/cooling electrical subsystems. During the first reporting period,
 
top-level diagrams were generated for Single-family, Multi-family, and Commercial
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Heating/Cooling Systems. These diagrams were included in the Heating/Cooling PDR package.
 
The specific hardware chosen to implement these diagrams is dependent on many things.
 
For example, site related data such as component sizes, component locations, and local
 
electrical codes is of major importance when selecting electrical hardware. Figure
 
2.3-7 is a more detailed top-level diagram of a typical Heating Single-family System.
 
It conveys the level of detail that can and is being accomplished at this point in
 
the program.
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2.3.1.10 System Integration
 
During the reporting period the following significant events took place:
 
1. 	The HVAC engineering firm of Walter F. Spiegel, Inc. was sub-contracted
 
to assist in system integratioa engineering of the 12 deliverable systems
 
plus that of the system test units, among other tasks.
 
2. 	All components for the heating-only system-level qualification test unit
 
were identified and their suitability for the system test unit evaluated.
 
As of this writing, purchase orders for the majority of this hardware have
 
been placed.
 
3. A system schematic for the heating-only system qualification test unit
 
was completed and a system installation drawing is underway.
 
4. 	The system test facility design was initiated and is nearing completion.
 
Plans for fabrication of the test facility were formulated.
 
5. 	Component specifications were up-dated to include the full range of building
 
block sizes in order to provide units to accomodate the full range of systems
 
from the smallest heating-only single family system to the largest heating
 
and cooling commercial system.
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2.3.2 HEATING AN COOLING SYSTEMS (WBS 1.2.2.2)
 
2.3.2.1 Collectors
 
Refer to paragraph 2.3.1.1 Development carried out for heating system applies.
 
2.3.2.2 Energy Storage Subsystem
 
Refer to paragraph 2.3.1.2. Development of hot TES applies
 
2.3.2.3 Space Heating/Cooling Subsystem
 
Use of the heat pump results in different equipment for heating and cooling
 
systems. Activity just starting.
 
2.3.2.4 Auxiliary Energy Subsystem
 
Equipment will be different for heating and cooling systems. Activity just
 
starting.
 
2.3.2.5 Hot Water Subsystem
 
Refer to paragraph 2.3.1.5. Heating systems work is applicable.
 
2.3.2.6 Energy Transport Subsystem
 
Refer to paragraph 2.3.1.6. Heating system work is applicable.
 
2.3.2.7 Controls Subsystem
 
2.3.2.7.1 System Design
 
The system design and control modes were presented at the Heating and Cooling PDR. Be­
cause no substantial changes to these operational modes have occurred since PDR, no
 
discussion is presented here. As in the Heating Systems, the evaluation of a positive
 
temperature control of over-temperature conditions and its effect on system design is
 
underway.
 
2.3.2.7.2 Component Design
 
,-.3.7.2.2.1 Sensors.. The sensor development items for the Heating Systems (see para­
graph 2.2.7.2) are also applicable to the Heating and Cooling Systems. No new sensor
 
development is foreseen for these systems.
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2.3.7.2.2.2 System Logic Board and Packaging. No breadboarding, logic design, or packag g
 
design for the Heating and Cooling Systems has been done to date. However, the circuit
 
decisions, packaging layout, and power interface (see paragraph 2.2.7.2) for the Heating
 
Systems shall serve as a baseline for the hardware approach in the Heating and Cooling
 
Systems.
 
2.3.2.8 Electrical Subsystem
 
Refer to paragraph 2.3.1.9. Approach allows growth for cooling systems.
 
2.3.2.9 System Integration
 
Refer to paragraph 2.3.1.10. Activity not started this period.
 
2.3.2.10 Cooling Subsystem (WBS 1.2.2.2.11)
 
The cooling subsystems consist of either 3-ton solar driven heat pumps or 10-ton
 
solar driven air conditioners and their related equipment. Subsystem Cycle I hard­
ware design, fabrication, and test activities continued through the reporting
 
period. In addition, Cycle 2 design concepts were initiated during the past
 
Quarter.
 
2.3.2.10.1 	LTR Design State Point Schematics
 
The state point schematics for both the 3 ton and 10 ton low temperature
 
Rankine (LTR) loops at the design point were presented in Quarterly Report No.l.
 
Cycle 1 LTR hardware is being sized to meet these requirements.
 
System economic studies showed that a thermal seasonal performance factor
 
of 0.9 for the cooling season was necessary for solar energy to become econo­
mically competitive with alternate forms of energy. The focus of our analy­
tical effort this past quarter has been to investigate the performance of various
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LTR and heat pump and air conditioner configurations and identify what features
 
are necessary to meet performance goals.
 
2.3.2.10.1.1 Subsystem Analysis Procedure - Since a major development item for 
the heating and cooling system is the LTR solar driven engine, a detailed LTR 
system analysis code was developed to provide performance simulations and to pro­
vide the basis for specifying the cycle state points, mass flows, component per­
formance, parasitic power requirements, and power and torque required for the solar 
driven compressor. The code solves for a steady state system condition using 
fixed boundary conditions of ambient temperature and solar hot water tempera­
ture into the vapor generator. The performance of the heat pumps and air 
conditioners is determined using analysis codes developed and used by GE-CR&D. 
This code functions on the same level as the LTR code, i.e. detailed component 
models are used which utilize actual hardware performance characteristics. 
This code defines the refrigerant cycle state points, component performance, 
parasitic power requirementi and the power demands to be placed on the LTR or 
electric motor. The LTR and HP/AC combinations are separate systems joined to­
gether with a common expander/compressor shaft. For this reason, it is appro­
priate to consider the performance of the combined LTR and the HP/AC as it varies 
with speed as well as with environmental conditions, i.e. solar input and ambient 
conditions. Under fixed solar and ambient conditions, the steady state matched 
operation will occur at a speed where power delivered by the LTR equals the power 
required by the solar driven compressor. As the solar fluid inlet temperature 
varies, the power delivered by the LTlL will varZ and the combined system will 
reach a new steady state speed point. As the solar fluid temperature drops, so
 
does the matched speed, until eventually Lhe LTR cannot meet the solar driven
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compressor requirements and a no-match condition results. By repeating this
 
process for different ambient conditions, a mapping can be made of steady state
 
matched operation. Thus, for a given ambient temperature and solar fluid inlet
 
temperature, complete system operating conditions and performance parameters can
 
be 	specified.
 
Once the operating range is known, it is possible to determine where
 
the system will operate. However, it may not be desirable to operate under cer­
tain conditions. By knowing how certain conditions vary, such as matched speed
 
or vapor generator exit quality, the control system can then be designed to
 
maintain these parameters within acceptable limits.
 
This procedure of mapping LTR and HP/AC performance, and matching them
 
to determine the steady state operating footprints, has been utilized to investi­
gate system operation and energy effectiveness.
 
2.3.2.10.1.2 Configurations Analyzed and Results. Table 2.3-2 outlines the LTR
 
and RP/AC configurations that were analyzed. Maps were generated only for the
 
cooling mode since solar driven heating had been shown not to be cost effective.
 
Thus far, 11 different configurations have been investigated. They involve
 
combinations of:
 
1. 	Size (3 ton and 10 ton) 
2. 	LTR condenser type (air cooled and water cooled)
 
3. 	HP evaporator (air or chilled water)
 
4. 	Mode of operation (matched or motor boost) - Matched operation was des­
cribed in paragraph 2.3.2.10.1.1, i.e. the expander/compressor speed
 
adjusts until an energy balance is achieved between thd LTR and HP/AC
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Motor boost operation is as follows: Expander, compressor, and motor
 
are mounted on a common shaft, and the expander unloads the motor as
 
power is delivered to the expander. This mode runs at close to a constant
 
speed. Different expander/compressor speed combinations were investi­
gated to determine where these two components match for best efficiency.
 
5. Expander and compressor speeds
 
Also shown in Table 2.3-2 are the calculated thermal COPs at ambient tempera­
tures of 95 F (the design rating point) and 75°F (a lower ambient temperature for
 
cooling). For the cases where chiller operation is considered, the COP's are also
 
a function of chiller temperature. As can be seen certain configurations yield low
 
thermal COP's. Because the performance goal is a system SPF, i.e. cooling seasonal
 
averaged COP of 0.9, only a few of the configurations investigated (9, 10, 11) have
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Table 2.3-2. LTR/HP/AC Configurations Analyzed
 
CONFIGURATION 
SIZE 
TONS 
LTR 
CONDENSER 
HP/AC 
EVAPORATOR MODE 
EXPANDER 
COMPRESSOR 
SPEEDv RPM 
CALCULATED 
THERMAL COP 
0 
95 F 750F 
1 
2 
3 
3 
3 
10 
AIR 
AIR 
WATER 
DX 
DX 
CHILLER 
MATCHED 
MOTOR 
BOOST 
MATCHED 
1800/1800 
1800/1800 
1 80 0/180o 
0.45 
0.45 
(90%) 
0.28 @ 400F 
0.37 @ 55'F 
0.50 
0.50 
(100%) 
0.37 @ 4002 
0.60 @ 550F 
4 10 WATER CHILLER MOTOR 
BOOST 
1800/1800 SAME AS 3 SAME AS 3 
5 
6 
10 
3 
WATER 
AIR 
DX 
CHILLER 
MATCHED 
MATCHED 
1800/1800 
1800/1800 
0.44 
0.28 @ 400F 
0.33 @ 55 
0.52 
-0.31 @ 40°F 
0.35 @ 550 F 
7 3 WATER DX MATCHED 1800/1800 0.52 0.58 
8 10 AIR CHILLER MATCHED 1800/1800 < 0.3 < 0.3 
3 AIR DX MATCHED 900/g0 0.50 
10 
ii I 
3 
3 
AIR 
WATER 
DX 
DX 
MATCHED 
MATCHED 
900/450 
900/900 
0.60 
0.64 
0.75 
0.98 
the potential of attaining this goal. While the performance of configuration 10 
is comparable to that of 9, the fact that it is not a direct expander/compressor 
drive system makes it less desirable as a product. 
The configurations that show the highest potential for meeting the perform­
ance goals are configurations 9 and 11. Configuration 9 is a 3 ton, air cooled 
LM,DX air conditioner. Shown in Figure 2.3-8 is a COP operating map for this 
configuration. Also shown in this curve is the upper limit on performance for 
this machine. This limit represents the performance for a system where: 
2,3
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Figure 2.3-8. - Air Cooled LIR Performance, Configuration 9 
4-67 
1. 	The expander and compressor have been matched perfectly in speed at
 
their maximum efficiencies
 
2. 	Heat exchangers are at their limit of effectiveness, i.e. they are
 
oversized but not infinite
 
3. 	There are no pressure drops or thermal losses in the system.
 
By maximizing and optimally matching all the components in both the LTR and
 
HP/AC, the performance of the solar driven subsystem will approach this limit.
 
Also shown, is the COP characteristic of an advanced solar driven absorption
 
machine. While configuration 9 will perform better than the absorption machine,
 
it does not yet yield an SPF consistent with the established goal.
 
Figure 2.3-9 presents the COP operating map for configuration 11, a 3-ton DX
 
air conditioner utilizing a water cooled LTR condenser in liew of the air cooled
 
condenser. Also shown is the upper limit on performance and the performance of
 
the advanced solar driven absorption machine. As can be seen not only does this
 
configuration surpass configuration 9 and the absorption machine, but it achieves
 
the performance goals that have been set.
 
2.3.2.10.2 	Expander Design
 
The basic philosophy with respect to expander design goals has not changed
 
since the last reporting period.
 
The main objective of the first-cycle 10 ton expander is to prove scale-up
 
techniques. Secondary objectives are to evaluate various bearing and shaft seal
 
configurations as outlined in the Preliminary Design Review Package dated 11/1/75.
 
Objectives of the first cycle 3 ton expander development as outlined in PDR 
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Figure 2.3-9. Water cooled LTR Performance, Configuration 11 
package ii/i/76, are to evaluate the following: 
1. Vertical montin configration
 
2. Oil lubricated versus grease packed bearings
 
3. Low cost materials (carbon steel and aluminum)
 
4. Low cost wear resistant finishes
 
5. Single versus double shaft seal configurations.
 
Inaddition to the aforementioned tasks, two more development activities were
 
added to the scope of Cycle 1 hardware.
 
The first is the design and fabrication of an eight-vane expander. Previous
 
expanders utilized 10 vanes. Early analytical work predicts higher efficiencies
 
at lower speeds for the eight-vane expander as evidenced by Figure 2.3-10.
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Figure 2.3-10. Efficiency vs. Speed, 3 Ton Expander
 
The General Electric expander performance computer program was utilized to
 
predict the results as shown on Figure 2.3-10. 
Reduced friction, both vane-to-stator and vane-to-rotor-slot, reduced dead
 
volume, and reduced breathing losses were considered in this analysis. Signifi­
cant hardware savings are also evidenced with the eight vane design. The goal of"
 
the aforementioned task is to verify predicted analytical models. Along with the
 
eight vane rotor, the production design techniques illustrated in Figure 2.3-11 will
 
be incorporated in order to obtain early data on manufacturing feasibility and
 
performance variations. 
Secondly, analyses have been initiated toward obtaining commonality of'major
 
components which comprise the 3 ton and 10 ton expander. The goal is to obtain
 
common diameter expanders which vary in length only.
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First cycle (10 vane) 3-ton and 10-ton expanders will be completed and ready for
 
testing in mid-January 1977. The first cycle (8 vane) 3-ton expander is scheduled to
 
be fabricated and ready for testing in early April 1977.
 
2.3.2.10.2.1 Expander Testing. Detailed test plans are currently being generated.
 
The basic parameters are as follows:
 
10-Ton
 
1. 	Determine operating characteristics:
 
a. 	Efficiency
 
b. 	Output versus RPM
 
c. 	Oil lubricated versus grease packed bearings
 
d. 	Shaft seal
 
2. 	Evaluate quality of R-i1 vapor delivered to the expander
 
3. 	Evaluate running properties of the expander
 
a, Temperatures
 
b. 	 Pressures 
c. 	Vibration
 
d. Noise
 
4, Evaluate and confirm and/or modify computer sizing program
 
5. 	Evaluate and determine percent of oil in freon required for lubrication
 
of bearings and vanes.
 
3 Ton
 
1. 	Same as 10 ton except with added evaluations listed below:
 
a. 	Expander materials evaluation to test aluminum, low carbon steels and
 
and wear resistant coatings and/or processes
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b. 8 vane versus 10 vane expander
 
c. Vertical versus horizontal mounted expander.
 
2.3.2.10.3 Feed Pump 
During the past quarter, both 3 ton and 10 ton first cycle feed pumps were
 
released for fabrication. Fabrication and assembly is scheduled to be completed
 
as follows:
 
3 ton - January 1977
 
10 ton - February 1977"
 
The first cycle feed pumps are comprised of a double stage pump as described
 
in the PDR package dated 11/1/76. The first stage is centrifugal while the
 
second stage is a positive displacement gerotor type. Figure 2.3-12 illustrates the
 
3 ton first cycle pump design.
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MOTORGEROTOR '-\,t 
PRIMARY. 
INiLET
 
CE ITRI FUrL-
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ORIGINAL pAGE IS 
OF pOOR QUALITY 
Figure 2.3-12. First-Cycle Positive Displacement Two-Stage Feed Pump
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In addition, second cycle pump development tasks have been started. Ini­
tially, an in-depth vendor search was conducted in order to determine the avail­
ability of pumps which meet our requirements.
 
Several candidate pumps were located. Currently, these pumps are being pro­
cured for evaluation at General Electric. The most promising candidate is a
 
variable volume vane type pump. Table 2.3-3 delineates the technical requirements
 
for both size pumps.
 
Feed pump test plans have been generated and are concerned with the following:
 
1. Evaluation of running properties
 
a. Temperatures
 
b. Pressures
 
c. Vibration
 
d. Noise
 
2. Evaluate operating characteristics
 
a. Flow versus head
 
3. Flow versus net positive section head
 
4. Cavitation versus net positive suction head
 
5. Material wear properties
 
6. Volumetric efficiency
 
7. overall efficiency
 
8. Input power requirements
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Table 2.3-3. Feed Pump Technical Requirements - Preliminary
 
Flow Rate 

Pressure-Out 

Net Positive Suction Head 

(Above liquid vapor pressure)
 
Inlet Temperature 

Fluid 

Motor Power 

Zfficiency, Pump 

Pump and Motor 

Design Life 

3-Ton 10-Ton 
1.5 gpm 4.5 gpm 
165 psia 
1 psia 
Same 
10 to 1200 F 
Freon - 11 with 
4% Zephron Oil 
115 V/60 Hz 220V/60 Hz 
One-Phase One-Phase 
60% min. 65% min 
30% nin 35% min 
20,000 hours over Same 
10 years 
Configuration - Vertical shaft unit in sealed pump tank with electric motor 
in Freon vapor above liquid level. 
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2.3.2.10.4 Vapor Generators
 
The function-of the vapor generator is to utilize the thermal energy of the solar
 
loop to vaporize the R-i1 Rankine cycle working fluid.
 
Cycle 1 design requirements are as shown in Table 2.3-4. 
Table Cycle 1 Vapor Generator Requirements 
3 Ton Heat Transfered 83,000 BTU/HR 
Solar Loop (Corrosion 
FLUID Rankine Loo. (R!l) Inhibited Fiuid) 
Tin 127F 245 0F
 
Tout 222OF 235
0F
 
Pin 137 PSIA
 
Pout 134 PSIA 
Flow Rate 1125 lb/hr 16 gal/min 
10 Ton Heat Transfered 324,000 BTU/H' 
FLUID 
Rankine Loop (R11) Solar Loop (Corrosion 
Inhibited Fluid) 
10in10F 245O0F 
Tout 2230F 235 F
 
Pin 
 138 PSIA 
Pout 135 PSIA 
Flow Rate 4184 i/r 65 gal/min 
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Primary considerations for first cycle hardware are:
 
1. 	Efficient operation
 
,a. Minimum package size
 
b. 	Minimum pressure drop
 
c. 	Lowest cost materials
 
2. 	Cost Effectivity
 
3. 	Compliance with ASME and UL guidelines
 
Pending test results of first cycle hardware, further improvements in the
 
materials and fabrication techniques area will be incorporated in Cycle 2 hardware.
 
A tube and shell design was selected for Cycle I after an evaluation of plate
 
and fin, tube and tube, pool boiler, and tube and shell candidates. The tradeoff
 
is discussed later in this section.
 
The first cycle design is shown in Figures 2.3-13 and 2.3-14. Note that the
 
manifolds are bulky and that the Freon-Il manifold is bolted to the shell. This
 
was done on Cycle I hardware to facilitate manufacturing and allow for a quick
 
partial disassembly during the test phase. For Cycle 2 the vapor generator could
 
be a completely sealed unit for reduction of size, number of parts, weight and cost.
 
A matrix of over 50 material choices for the vapor generator was considered. 
The choice for two components; ferritic steel for the refrigerant tubes, and black 
steel for the shell, reflect first cycle concerns for component material compati­
bility and interaction with the subsystem, ease of fabrication, and cost. 
The types of heat exchangers that were considered are illustrated in Figure
 
2.3-15. The plate and fin type exchanger is best applied on heat transfer be­
tween gases or a liquid and a gas. It has advantages of a high area to volume
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Figure 2.3-13. 3-Ton Vapor Generator (Cycle 1)
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Figure 2.3-15. Vapor Generator Concepts
 
ratio and ease of fabrication, but in liquid-to-liquid heat transfer application,
 
it is leak prone due to high pressures, and makes manifold design difficult.
 
The tube-in-tube exchanger is a very efficient heat transfer unit. Its con­
struction is simple for straight lengths. For a large area requirement, however, 
tube length gets to be quite large, presenting design difficulties for compactness. 
.Moreimportant, however, is the disadvantage of large pressure losses in the
 
two phase regime due to large vapor velocities and tube length.
 
The pool boiler could satisfy the heat exchanger requirement. It has the
 
added advantage of being quite simple. Its disadvantages include the need for
 
extremely large surface areas to compensate for a poor Freon-li film coefficient,
 
-hus requiring a large refrigerant inventory. The lubricant entrained in the re­
frigerant forms a layer at the pool surface, contributing negative viscous effects
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on the film coefficient and creating a problem for affecting its removal for ex­
pander and compressor lubrication. 
The shell and tube heat exchanger effectively satisfies the heat transfer
 
requirement, employing forced convection film coefficients as in the tube and tube.
 
Compactness is a plus for this design, and pressure losses satisfy design require­
ments. The fact that this design involves many joints gives it the disadvantage
 
of being a difficult assembly. This problem area is being worked. The tube and
 
shell 	is the prime cycle I design selected. A survey of the reputable names in heat 
exchangers manufactureres indicates that acceptable hardware from a heat transfer
 
standpoint tend to be large, heavy, and most important, costly. This is incon­
sistent with our design goals of compactness and low cost.
 
2.3.2.10.5 	 3-Ton and 10 Ton Economizers
 
The 3 ton and 10 ton economizers utilize the heat of the unvaporized fluid
 
leaving the vapor generator to preheat the fluid entering the vapor generator.
 
In addition, the economizer cools the lubrication fluid prior to it entering the
 
expander. 
The requirements for the economizers are listed in Table 2.3-5. The 
approach taken in Cycle 1 was to develop and issue some general specifications
 
to heat exchanger manufacturers. A survey of these sources provided an under­
standing of availability, cost, size, and performance, and resulted in the choice 
of a 	simple tube-and-tube, helically-wound heat exchanger because of its com­
pactness and low cost.
 
ORIGINAL PAGE Ib 
OF POOR QUAL=I 
4-80 
2.3.2.10.6 	Condenser (10 Ton) 
Operational analysis of the 10 ton LTR cycle dictated the need for evalua­
tion of a water cooled condenser in the 10 ton unit. 
The condenser removes heat from the slightly superheated refrigerant 
leaving the expander, using water from a cooling tower. The refrigerant leaves 
the condenser as saturated liquid. 
The requirements for the condenser are listed in Table 2.3-6 . The Cycle 1 
approach was to generate and issue general specifications to heat exchanger manu­
facturers, with the result that an understanding of availability, cost, size, and
 
performance was achieved. The choice, which is a shell and tube type condenser,
 
represents an optimization of the above qualities. 
Table 2.3-5 Economizer Requirements 
Hot Side 3-TON 10-TON
 
Fluid R-i1 Liquid R-1l Liquid
 
Temperature - Inlet (OF) 221 222
 
- Outlet (OF) 114 	 95 
Pressure Drop
 
Flow Rate (ibm/hr) 155 '542
 
Cold 	Side
 
Fluid 	 R-l1 Liquid R-ll Liquid
 
Temperature - Inlet (OF) ill 93 
- Outlet (OF) 127 110 
Pressure - Inlet (psia) 138 139 
- Outlet (psia) 137 138 
Flow 	Rate (lbm/hr) 1112 4184
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Table 2.3-6. 10-Ton Condenser Requirements
 
Hot Side
 
Fluid 
Freon 11 with 2.48 wt. % oil 
Temperature - Inlet 1280F 
- Outlet 930F 
Pressure - Inlet 24.7 psia 
- Outlet 20.6 psia 
Flow Rate 3640 (with oil) 
cold Side
 
Fluid 	 Water
 
Temperature - Inlet 910F
 
- Outlet 99.50F
 
Pressure Drop 10 psia (approximately)
 
Flow Rate 	 78 gpm
 
Heat 	Transfer 294,152 Btu/hr (to saturated liquid)
 
2.3.2.10.7 	Solar Driven Compressor
 
First cycle 3 ton and 10 ton hardware designs were released with fabrication
 
starting in October. The first 10 ton compressor was assembled in late November 
with the fabrication and assembly of the remaining 3 ton and 10 ton models con­
tinuing. 
A test program on the initial 10 ton compressor was initiated utilizing a 4
 
pole, 10 HP2, 2-phase motor to simulate the expander drive. The following performance
 
tests are planned.
 
1. 	Compressor capacity vs condition at constant RPM 
2. 	Compressor torque vs condition at constant RPM
 
3. 	Compressor EER vs condition at constant RPM
 
4. 	Compressor capacity, torque, and EER vs speed for 450F refrigerant
 
5. 	Compressor torque and EER vs REM for 25 OF refrigerant
 
6. 	Compressor torque and EEl vs RPM for 150F refrigerant
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In addition,' tests are planned utilizing a programmhale AC motor (programmed
 
to 	accelerate or decelerate from full speed at variable time slots 1-60-seconds)
 
to 	evaluate the following:
 
1. 	Effects of slow pull up to speed on compressor bearing lubrication
 
design reliability
 
2. 	Start up vs performance of various suction valve designs.
 
2.3.2.10.8 Packaging
 
2.3.2.10.8.1 3-Ton LTR - The packaging philosophy is still consistent with that
 
presented last reporting period. The enclosure (see Figure 2.3-16) is a self­
supporting formed sheet metal shell enclosing the LTR components and plumbing0
 
The enclosure will be mechanically and aesthetically compatible with coimmercially
 
available GE heat pump and central air conditioning units.
 
In this reporting period, Cycle 1 LTR components and piping/insulation re­
quirements have been firmly identified. One major change from the past reporting 
period was the selection of a first cycle water cooled condenser in lieu of the 
previously designed air cooled model. This was done to improve prototype (de­
liverable units) performance as previously described.
 
The 	decision to use water cooled condensing was reached after several key LTR com­
ponents originally designed for air cooled condensing refrigerant conditions, were
 
already in the fabrication process. Performance characterization of these components
 
will need to be accomplished by simulating air cooled condensing temperacures during
 
test. The water cooled condenser selected will be tested at its more efficient con­
densing temperature range in order to assess its actual performance against that
 
predicted afalytically.
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tFigure 2.3-16. 3-Ton LTR Package 
The vapor generator and condenser are supported alongside of the compressor 
and the expander is mounted to the compressor by a tripod steel support (see Figure 
2.3-17). This structure has rabbet fits on both expander and compressor to elimi­
nate any need for specific alignment during assembly (tolerance build up within 
capability of the flexible coupling). 
The placement of the other LTR loop components is as shown. Copper piping 
will be used with brazed connections and at least one mechanical union or coupling 
between each component. The drawings do not show flexible piping to and from the 
expander which will probably be present on first cycle hardware to allow deter­
mination of vibration of the expander and compressor pairs. This will provide
 
design information for second cycle piping.
 
2.3.2.10.8.2 10-Ton LTR - The 10 ton LTR loop configurations and packaging con­
cept for first cycle is basically the same as for the 3-ton unit.' The differences are in 
the component and piping size and in the use of a horizontal expander design. As 
discussed in the first Quarterly Report, the 10-ton expander was primarily used to 
verify scaling techniques and is, therefore, a horizontal mounted design. The 
current arrangement exceeds the enclosure desired for the second cycle hardware; 
however, it is expected that component requirements for second cycle will reduce
 
the package size. Specifically, the separator may change to a horizontal type and
 
component sizes in the vapor generator and condenser will be reduced. The expander
 
is currently mounted horizontally on a separate framework which also provides the
 
mounting for the compressor and right angle drive. This will be eliminated for 
the vertically mounted second cycle hardware. The structure will be similar to 
-hat used for the 3 ton unit. flGV IIb 
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2.4 TEST (WBS 1.2.3)
 
Test planning is proceeding at all levels of component, subsystem and system for the
 
heating only and the heating and cooling configurations.
 
Test plans are completed for component development of several facets of the solar
 
collectors (refer to paragraph 2.3.1.1).
 
Test facilities are essentially in place for the heating system component testing. 
Modification of the outdoor solar collector loop is completed and a considerable 
number of test runs were made using a single TC-100 collector panel (10 glass tubes) 
and two panels connected in series for a total of 20 glass tubes. A schematic of 
the modified solar collector test loop is shown in Figure 2.4-1. 
Refurbishment of the existing test facilities for the Low Temperature Rankine (LTR)
 
is proceeding on schedule. Four complete and separate test loops, two 3-ton size
 
and two 10-ton size will be available on a full time basis to support the development 
testing of the LTR throughout the life of the program. Figure 2.4-2 is a typical 
schematic for the LTR test loop. Incorporated in the test loop design are sufficient
 
disconnects to allow test flexibility for replacing components or substituting com­
ponents as required. A by-pass loop is provided around the expander to allow testing
 
of other LTR components (vapor generator, liquid separator, pumps, etc.) when it is
 
convenient or desirable to do so.
 
The controlled environment System Test Facility for the 3-ton size (Figure 2.4-3) is
 
in the final construction and checkout phase and is ahead of schedule to support 
the SHAC program. 
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SECTION 4
 
TASK 1.4 - OPERATIONAL TEST
 
No significant activity for the reporting period.
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